Anomalous origin of the left coronary artery from the pulmonary artery has been surgically corrected by means of a technique that avoids direct suturing of the coronary artery itself. The anomalous left coronary artery is removed from the pulmonary artery with a cuff of pulmonary artery tissue about its orifice. In a fiveand-one-half-year-old patient the anomalous coronary artery was anastomosed directly to the aorta using this technique. In another patient, seven months of age, the anomalous coronary artery could not be anastomosed directly to the aorta and a segment of the patient's subelavian artery was interposed between the left coronary artery and the aorta to complete the anastomosis. In the latter patient, profound hypothermia and circulatory arrest were used during construction of the anastomosis in an attempt to minimize further myocardial damage. A 5½/2-year-old Caucasian boy was referred to Children's Hospital of Pittsburgh for evaluation of a heart murmur first heard during a routine physical examination six months previously. The patient's growth and development had been normal and there were no symptoms of cardiac disease. On physical examination there was no cyanosis. The heart sounds were normal. A grade 2/6 harsh systolic ejection murmur was heard best at the mid left sternal border and was transmitted to the mitral area. An intermittent faint continuous murmur was present over the same areas. No other murmurs, clicks or gallops were heard. Peripheral pulses were equal and symmetrical.
Myocardial infarction ANOMALOUS ORIGIN of the left coronary
artery from the pulmonary artery usually presents during infancy or early childhood. '13 The earliest surgical treatment consisted of ligation of the anomalous left coronary artery (ALC) which eliminated the left to right shunt and produced a onecoronary system.`5 Establishment of prograde left coronary blood flow has become possible recently with aorto-coronary artery saphenous vein bypass grafts. [4] [5] [6] [7] [8] [9] Although this method has been utilized in older children and adults, its use in infants and small children is limited because of the small size of their coronary arteries. A technique for direct anastomosis of an anomalous right coronary artery to the aorta in an adolescent has recently been described.'0 This report will describe modifications of the technique of Tingelstad et al.'0 which have been employed at the University of Pittsburgh School of Medicine for correction of anomalous origin of the left coronary artery from the pulmonary artery in two children, one of whom was less than a year of age.
Case Reports Case 1 A 5½/2-year-old Caucasian boy was referred to Children's Hospital of Pittsburgh for evaluation of a heart murmur first heard during a routine physical examination six months previously. The patient's growth and development had been normal and there were no symptoms of cardiac disease. On physical examination there was no cyanosis. The heart sounds were normal. A grade 2/6 harsh systolic ejection murmur was heard best at the mid left sternal border and was transmitted to the mitral area. An intermittent faint continuous murmur was present over the same areas. No other murmurs, clicks or gallops were heard. Peripheral pulses were equal and symmetrical.
Chest roentgenogram demonstrated mild cardiomegaly and slightly increased pulmonary vascular markings ( fig. 1) . The electrocardiogram and vectoreardiogram showed left axis deviation and ST segment and T wave changes ( fig. 2) .
Cardiac catheterization revealed no intracardiae shunting or hemodynamic abnormalities (table 1) . Selective left ventricular cineangiography demonstrated a normally contracting left ventricle and a dilated tortuous right coronary artery which arose from the aorta in a normal position. The left coronary artery filled in a retrograde manner from the right through multiple collateral channels and then emptied into cutff of pulmonary artery surrounding the orifice of the ALC was excised and could be easily approximated to the aorta. A circutlar 6 mm opening was made with an aortic punch into the left lateral surface of the aorta just above the commissures. The end of the left coronary artery with its cuff of pulmonary artery was then anastomosed to the opening in the aorta and the pulmonary artery reanastomosed. Cardiopulmonary bypass was discontinued without difficulty There was no left to right shunt and the hemodynamics were normal. Left ventriculography demonstrated normal findings. Selective coronary arteriography showed a normal sized right coronary artery and there was no evidence of collateral circulation. The left coronary artery was widely patent and filled from the aorta in a normal manner ( fig. 4) . Case 2 This six-month-old black male infant was referred to Children's Hospital of Pittsburgh because of congestive heart failure. His growth and development had been normal. At 5 months of age he was hospitalized at another in- At age seven months, in January 1974, surgery was performed through a median sternotomy uising cardliopuilmonary bypass and profound hypothermia with temporary circulatory arrest.`. 12 At operation the left coronary artery was found to arise from the left lateral side of the pulmonary artery. Direct anastomosis to the aorta was not possible so a 2 cm segment of subelavian artery was excised for Luse as a graft.
IThe proximal branches of the left coronary artery were dissected free and under profound hypothermia (rectal temperatture 17°C) and using cardiopulmonarv bypass, the ALLC vas occcluded and detached from the pulmonary artery with a ctuff of pulmonary artery tissue about its orifice. After the pulmonary artery had been closed, one end of the segment of subclavian artery was anastomosed to the rim of pulmonary arterv tissue around the orifice of the ALC. A clamp was then placed on the ascending aorta, cardiopulmonary bypass was stopped and the patient was exsanguinated into the pump. The aorta was opened and a small button of tissue removed from the left lateral side just above the usual position of the left coronary artery. The subclavian artery graft was then passed posterior to the pulmonary artery and its proximal end was anastomosed to the aorta (fig. 8) . The aorta-subelavian artery anastomosis was 4 mm in diameter and the subclavian artery-ALC anastomosis was 3 mm in diameter. Cardiopulmonary bypass was reinstituted and the rewarming phase as well as the remainder of the operation proceeded without difficulty.
Postoperatively the patient's recovery was delayed by respiratory difficulties secondary to phrenic nerve paralysis; however the cardiovascular status remained stable. The electrocardiogram and vectorcardiogram were unchanged from the preoperative studies. Cardiac catheterization was performed two weeks postoperatively (table 1) . Retrograde aortography demonstrated patency of the anastomosis between the left coronary artery and aorta ( fig. g ).
Discussion
In the asymptomatic child or young adult with anomalous origin of the left coronary artery from the pulmonary artery and normal left ventricular function, the major advantage of using an aorto-coronary artery bypass graft, as compared to ligation of the ALC, would seem to be in the lessened hazard of subsequent atherosclerotic coronary artery disease. On the other hand, in the infant or child with small intercoronary collaterals and consequent poor myocardial function, perfusion of the left coronary artery system may be inadequate after ligation of the ALC.",S ince the prograde flow from aorta to left coronary artery following a saphenous vein bypass graft should increase perfusion pressure in the left coronary artery, it is reasonable to assume that this might improve function in the ischemic but noninfarcted regions of the left ventricle. Although this latter technique has been used successfully in older children and adults, its usefulness in infants and young children is limited because of the small size of their coronary arteries. This report has described a modification of a technique for repair of an anomalous coronary artery'0 that enables its use in the small child since it avoids any direct suturing on the coronary artery itself. In case 1, the ALC was found to arise from the left postero-lateral side of the pulmonary artery enabling direct approximation of the ALC to the aorta. The removal of a cuff of pulmonary artery around the orifice of the ALC permitted a larger anastomosis than would otherwise have been possible. At cardiac catheterization three months postoperatively, the anastomosis was widely patent and functioning normally. In case 2 the ALC arose more laterally from the pulmonary artery so the surgical technique was modified to include a subclavian artery graft.
Profound hypothermia with circulatory arrest has not previously been used in correction of this anomaly. In case 2 it was used to minimize or prevent any further myocardial damage from hypoxia secondary to the cross-clamping of the aorta that was necessary during repair.
The majority of patients with anomalous origin of the left coronary artery from the pulmonary artery will present during infancy, as did case 2, with severe left ventricular dysfunction or myocardial infarction.' 1 Since there has been a high incidence of saphenous vein bypass graft failure in small children in the past, it has been recommended that infants and small children be treated either without surgery until an older age or by operative ligation of the ALC.'-H owever progressive clinical deterioration and myocardial damage may occur in these symptomatic patients as a result of their anomaly. Thus, if maximum benefit is to be obtained by establishing prograde coronary blood flow, this procedure should be done as early as possible, preferably as soon as the diagnosis is made. In case 2, it was hoped that increasing perfusion pressure in the left coronary artery system would improve myocardial function. After repair there was a fall in the left ventricular enddiastolic pressure and an increase in the rate of rise of the left ventricular pressure (LV dP/dt). This suggests that left ventricular function was improved although it was still abnormal.
The technique of excising a cuff of pulmonary artery tissue with the ALC obviates the need for direct suturing of small coronary arteries and permits a wider anastomosis than would otherwise be possible. In our two cases it has been shown to be effective in establishing normal prograde coronary artery blood flow even in the infant or young child. It is hoped that the use of a wide anastomosis will insure continued long term patency. The long range prognosis is unknown in an infant or small child who has already sustained myocardial damage prior to operation. Since corrective procedures for this anomaly heretofore have not been available for this group, the long term evaluation of patients offered correction under these circumstances will be necessary to establish the validity of its use.
